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The e a r l i e s t  information regarding the  spin-orbit  interact ion i n  p ,  
nuclear sca t te r ing  came from analysis of proton-alpha scat ter ing.  The e ! ?  
low energy sca t te r ing  data were analyzed by Cr i tchf ie ld  and Dodder' and 

Dodder and Gammel,2 From these analyses, low energy polar izat ion w a s  

predicted and experimentally confirmed. The low energy phase s h i f t s  

were extrapolated t o  about 40 Mev by Gammel  and Thaler3 through fur ther  

analysis  of sketchy experimental data, The GT phase s h i f t s  were com- 

p a t i b l e  with an op t i ca l  model po ten t ia l  with exchange. 

The polar izat ion predicted i n  GT have been confirmed t o  energies 

below about 20 MeV, 

by vwang, Nordby, Suwa, and W i l l i a m s 4  a t  38,3 Mev are  i n  qua l i ta t ive  

Recent measurements of proton-alpha polar izat ion 

disagreement with these predictions,  as shown i n  Fig. 1, and hence ne- 

c e s s i t a t e  a re-examination of the problem. 

The new polar izat ion data allow construction of a revised contour 

p lo t  of polar izat ion versus energy and angle similar t o  Fig. 7 of GT, 

a polar iza t icn  m.2 based on exier-imentai data- alone is shown i n  Fig. 2, 

Such 

5 

Measurements now i n  progress 

t h e  region between 20 and 40 

fill i n  the  de t a i  
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Since there  now ex i s t s  very detailed e l a s t i c  sca t te r ing  data a t  

39.0 MeV6 and equally detai led polarization data a t  very nearly t h e  same 

energy, a complete phase s h i f t  analysis is  possible,  We have so analyzed 

the  polarization and e l a s t i c  scat ter ing data by using the  GT phase shifts 

as  a s t a r t i ng  point.  The phase s h i f t s  obtained as w e l l  as t he  GT phase 

s h i f t s  a re  l i s t e d  i n  Table I. The f i t  t o  t he  polar izat ion data i s  shown 

i n  Fig. 1, We note tha t ,  although the predicted polarizations are very 

d i f fe ren t ,  the  two s e t s  of phase s h i f t s  do not great ly  d i f f e r .  

I n  the course of t h i s  analysis, it w a s  found t h a t  no f i t  was possible 

unless angular momentum s t a t e s  with 2 < - 4 were included. We a lso  found 

t h a t  the  f i t  was not improved by allowing the  phase s h i f t s  t o  be complex, 

There is no assurance tha t  the phase s h i f t s  shown i n  Table I represent a 

unique solution t o  the  data, since we have only examined a portion of  

phase s h i f t  space i n  the GT region. However, we believe t h i s  t o  be the  

s ign i f icant  region because o f  i ts  relat ion t o  the  lower energy data. 

To comprehend the  qua l i ta t ive  meaning of the phase s h i f t s  i n  Table I 

bet ter , the auxi l ia ry  quant i t ies  f 2  and g2 were constructed, which a r e  

defined as 

F2 = 
22 + 1  

and 

To f i r s t  order i n  

dependent and spin dependent par t  of t he  sca t te r ing  amplitude. 

6, these a r e  the  quant i t ies  t h a t  enter  the  spin in-  

The quan- 

-alHl 
t i t i e s  of f 2  and g2 a r e  shown i n  Table 
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I n  Fig,. 3, f,, is  p lo t ted  versus I, A curve drawn through the 

points a t  in t eg ra l  2 would wiggle  ra ther  strongly, whereas slmilar 

quant i t ies  calculated from loca l  "opt ical  model potent ia ls"  do not give 

r i s e  t o  such "wiggles." W e  take t h i s  t o  be an indication of the ex- 

change character of the nucleon-alpba interaction.$+ 

Consider an op t i ca l  model po ten t ia l  w i t h  exchange whose spin in- _. I 

dependent pa r t  is of the  form 

VO(')[l - q x l  ( 3 )  

where P, is the  space exchange operator, I n  a l i n e a r  approximation 

where A,, is  the phase sh i f t  due t o  the  po ten t i a l  V o ( r ) .  I n  order t o  
1 

estimate A,, 

hz(p,)' f,/[1 - (-1)'al ( 5 )  

may be p lo t ted  f o r  various values of a. If a unique value of  a i s  

found that yields  a smooth curve f o r  A,(a) against  

t h i s  value of a w i t h  the  parameter a of Eq. ( 3 ) ,  From Fig, 3, we obtain 

1, w e  may ident i fy  

a n  0.20 2 0.05. 

function of 2 is very similar t o  the 2 dependence of the  same quantity 

calculated from a l o c a l  op t i ca l  model. 

Furthemore, the behavior of A,, = h2(a  = 0,20) as a 
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TABLE I, - PHASE SHIFTS FOR PROTON-ALPHA ELASTIC SCATTERING AT 38.3 MeV. 

THE SYMBOLS 6( : )  AND S ( ; )  ARE DEFINED AS THE PHASE SHIFTS FOR J = 2 + 1 AND 
2 

J = 2 - L, RESPECTIVELY, THE QUANTITIES f2 AND g2 ARE DEFINED I N  EQS, 
2 

1.144 0,572 0.953 0,191 
(1.172) (0,662) (1.002) (0.170) 

0.432 0,156 0,322 0,055 
(0.469) (0,260) (0,385) (0,042) 

0.233 0,115 0.182 0,017 
(0,222) (0,040) (0.144) (0.026) 

(1) AND (2 ) .  THE QUANTITIES I N  PARENTHESES 4 THE GT 

t I I 4 I 0.075 1 0.001 1 0,042 1 0,008 I 
(0,050) (0.026) (0.039) (0,002) 

I I I I I I 

VALUES. - 
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Foot notes 
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Fig.  1. - P o l a r i z a t i o n  i n  e l a s t i c  proton-alpha s c a t t e r i n g  a t  38.3 Mev versus angle .  The experi-  
The s o l i d  mental p o i n t s  shown a r e  aue t o  Iiwarlg e t  a l .  

curve r e s u l t s  from the  present  phase s h i f t  ana lys i s .  
The dashed C’XYC i s  t h e  GT predic t ion .  
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Fig. 2 .  - Contour map of polarization agains t  energy and angle. The 
contoii-s L-C labeled hy the po ia r i za t ion .  
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Fig. 3. - The quantity hz(a) [(2 + 1)6!+) + 26(-)]/(2Z + 1)[1 - (-l)'a] 
in Eq. (1); the diamonds represent the 

versus 2 at 38.3 Mev. The circles represent the values for a = 0, 
which corresponds to the f 2  
values f o r  a = 0.40; and the squares represent the values for a = 0.20. 
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